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1. INTRODUCTION {#dom12837-sec-0001}
===============

Alogliptin benzoate is a highly selective dipeptidyl peptidase‐4 (DPP‐4) inhibitor. As a result of the inhibition of DPP‐4 activity, the level of glucagon‐like peptide‐1 (GLP‐1) increases, stimulating glucose‐dependent insulin secretion from pancreatic β cells, thereby improving glucose homeostasis.[1](#dom12837-bib-0001){ref-type="ref"}

Metformin is a biguanide antihyperglycaemic agent that suppresses the release of glucose from the liver and improves insulin sensitivity in peripheral tissues. Additionally, it suppresses intestinal absorption of glucose. These pharmacological actions produce a blood glucose‐lowering effect.

Combination therapy of alogliptin and metformin is a reasonable treatment approach because these compounds have different mechanisms of action that improve glucose metabolism (ie, alogliptin stimulates glucose‐dependent insulin secretion and metformin improves insulin sensitivity in peripheral tissues). Indeed, the effectiveness of this combination therapy has been reported in Japanese patients with type 2 diabetes whose blood glucose was not adequately controlled with metformin alone[2](#dom12837-bib-0002){ref-type="ref"}; however, the effectiveness of alogliptin and metformin combination therapy has not been confirmed in Japanese patients with type 2 diabetes whose blood glucose is inadequately controlled with alogliptin treatment alone.

In general, the recommendation in Japan is to dose with metformin two or three times a day. Increasing the frequency of dosing is considered to have a negative impact on treatment adherence in patients with chronic disease including type 2 diabetes,[3](#dom12837-bib-0003){ref-type="ref"} therefore, once‐daily dosing of metformin with alogliptin would be expected to improve adherence. It has not yet been established, however, whether or not different co‐administration methods of metformin (once daily or twice daily) with alogliptin (once daily) affect treatment efficacy and safety in the Japanese population.

The aim of the present study was to evaluate the efficacy and safety of a 24‐week treatment with metformin 500 mg once daily added to alogliptin 25 mg once daily compared with metformin 500 mg twice daily added to alogliptin 25 mg once daily and alogliptin 25 mg once daily alone in Japanese patients with type 2 diabetes who have inadequate glycaemic control, despite treatment with once‐daily alogliptin 25 mg in addition to diet and exercise therapy.

2. METHODS {#dom12837-sec-0002}
==========

This was a phase III, randomized, double‐blind, parallel‐group, multicentre study, conducted at 34 sites in Japan. The study was conducted in compliance with the protocol and ethical principles of the Declaration of Helsinki and the International Conference on Harmonisation Tripartite Guidelines for Good Clinical Practice. The study included a 12‐week screening period (visits every 4 weeks, including evaluations of eligibility, glycated haemoglobin \[HbA1c\] and safety) and a 24‐week treatment period.

Patients aged ≥20 to \<75 years were eligible for enrolment in the 12‐week screening period if they were diagnosed with type 2 diabetes and had no hepatic, cardiovascular or pulmonary impairment.

On completion of the screening period, patients were randomized to the treatment period if they met the following criteria: HbA1c level ≥6.9% and \<10.5% at week −4 (8 weeks after the start of the screening period); no more than 10% difference in HbA1c level between week −8 and −4; and on a stable diet and exercise therapy with alogliptin treatment (25 mg/d administered after breakfast) throughout the screening period.

Patients who used antidiabetic agents other than alogliptin during the screening period or had evident renal impairment were excluded before the treatment period.

During the 12‐week screening period, all patients took 1 tablet of alogliptin 25 mg. After the screening period, the eligibility of each patient was evaluated at week 0, and the inclusion/exclusion criteria (including the HbA1c data) were also assessed during the screening period. Eligible patients were randomized to receive treatment with alogliptin 25 mg once daily alone, combination therapy of alogliptin 25 mg once daily and metformin 500 mg once daily, or combination therapy of alogliptin 25 mg once daily and metformin 250 mg twice daily (500 mg/d).

The primary endpoint was the change in HbA1c from baseline to the end of the treatment period (week 24). For the primary analysis, an analysis of covariance model was used with the change in HbA1c from baseline to the end of the treatment period (week 24) as a dependent variable and HbA1c at baseline and treatment group as independent variables; the least squares (LS) mean, the standard error (s.e.) values and 2‐sided 95% confidence intervals (CIs) of the LS means were calculated for each treatment group. Last observation carried forward imputation was used for missing values. A secondary analysis of the primary endpoint was performed without correction for baseline HbA1c level. The superiority of alogliptin/metformin once daily over alogliptin alone and non‐inferiority of alogliptin/metformin once daily to alogliptin/metformin twice daily were also assessed. Secondary endpoints included HbA1c, fasting plasma glucose (FPG) and assessment of safety.

3. RESULTS {#dom12837-sec-0003}
==========

Of 524 patients undergoing screening, 374 were randomly assigned to treatment with alogliptin alone (n = 71), alogliptin/metformin once daily (n = 152) or alogliptin/metformin twice daily (n = 151), and were included in the efficacy and safety populations (Figure S1). Patient demographic and clinical characteristics for the randomized population were similar between study groups (Table S1, Appendix S1). Mean values of HbA1c at the beginning (week --12) and end (week 0) of the screening period for the 374 patients who entered the treatment period are shown in Table S2.

3.1. Efficacy {#dom12837-sec-0004}
-------------

The primary analysis showed that the LS mean change (s.e.) in HbA1c from baseline to the end of treatment period (week 24) was 0.16 (0.072)% with alogliptin alone, −0.49 (0.049)% with alogliptin/metformin once daily and −0.60 (0.049)% with alogliptin/metformin twice daily (Figure [1](#dom12837-fig-0001){ref-type="fig"}A). The difference in LS mean change in HbA1c from baseline to the end of treatment period between alogliptin/metformin once daily and alogliptin alone (alogliptin/metformin once daily -- alogliptin alone) was −0.65% (2‐sided 95% CI −0.821, −0.480) and the difference in LS mean change between alogliptin/metformin once daily and alogliptin/metformin twice daily (alogliptin/metformin once daily -- alogliptin/metformin twice daily) was 0.11% (2‐sided 95% CI −0.026, 0.247). These results demonstrated the superiority of alogliptin/metformin once daily vs alogliptin alone and the non‐inferiority of alogliptin/metformin once daily vs alogliptin/metformin twice daily.

![Change in HbA1c from baseline to the end of the treatment period (week 24). A, LS mean change (± s.e.). B, Mean change (± s.d.). \*End of treatment period (week 24).](DOM-19-463-g001){#dom12837-fig-0001}

A reduction in mean HbA1c level was observed with alogliptin/metformin once daily and alogliptin/metformin twice daily at each time point assessed, but this was not seen with alogliptin alone. The reduction observed with alogliptin/metformin once daily and alogliptin/metformin twice daily was similar after week 20 (Figure [1](#dom12837-fig-0001){ref-type="fig"}B). The proportion of patients whose HbA1c level was ≥7.0% at baseline and \<7.0% at the end of treatment period (week 24) was 4.8% (3/63) with alogliptin alone, 35.0% (48/137) with alogliptin/metformin once daily and 34.3% (48/140) with alogliptin/metformin twice daily (Table [1](#dom12837-tbl-0001){ref-type="table-wrap"}).

###### 

Secondary and other efficacy endpoints

                                                                                                                                               Point estimate for treatment difference (95% CI)  
  -------------------------------------------------------- ------------- ----------------------------------------------------- -------------- -------------------------------------------------- -------------------
  Number patients evaluable                                     71        149[^1^](#dom12837-note-0004){ref-type="fn"} or 152       151                                                          
  Number of patients with HbA1c \<7.0% at week 24, n (%)      3 (4.8)                          48 (35.0)                         48 (34.3)                    30.3 (20.7, 39.8)                   0.8 (−10.5, 12.0)
  Mean changes from baseline to week 24, mean (s.d.)                                                                                                                                             
  Fasting glucose, mg/dL                                    7.4 (26.9)                        −7.6 (26.4)                       −18.2 (25.4)                 −14.9 (−22.5, −7.4)                  10.6 (4.7, 16.5)
  Fasting insulin, μU/mL                                    −0.1 (4.0)                        −0.2 (4.0)                         −0.6 (4.2)                    −0.1 (−1.2, 1.1)                    0.3 (−0.6, 1.3)
  Fasting glucagon, pg/mL                                   −0.6 (15.1)                       1.9 (18.4)                        −0.8 (18.6)                    2.5 (−2.4, 7.5)                     2.7 (−1.5, 6.9)
  HOMA‐IR                                                    0.2 (2.1)                        −0.3 (2.0)                         −0.6 (2.0)                    −0.5 (−1.1, 0.1)                    0.3 (−0.1, 0.8)
  HOMA‐β                                                    −3.4 (13.2)                       3.2 (17.4)                         4.8 (15.4)                    6.6 (2.0, 11.2)                    −1.6 (−5.3, 2.2)
  Body weight, kg                                           −0.1 (1.5)                         0.0 (1.5)                         0.0 (1.7)                     0.1 (−0.3, 0.5)                     0.0 (−0.4, 0.4)

Abbreviations: HOMA‐β, homeostatic model assessment of β‐cell function; HOMA‐IR, homeostatic model assessment of insulin resistance; s.d., standard deviation.

Three randomized patients were not evaluable for evaluation of fasting insulin, HOMA‐IR or HOMA‐β.

For the mean (standard deviation \[s.d.\]) change in fasting blood glucose from baseline to the end of the treatment period (week 24), the reduction was greater with alogliptin/metformin once daily (−7.6 \[26.41\] mg/dL) than alogliptin alone (7.4 \[26.89\] mg/dL), but smaller than alogliptin/metformin twice daily (−18.2 \[25.41\] mg/dL; Table [1](#dom12837-tbl-0001){ref-type="table-wrap"}). Regarding other endpoints, the mean changes from baseline in fasting insulin, fasting glucagon, homeostatic model assessment of insulin resistance and body weight through to the end of the treatment period (week 24) were similar among the treatment groups (Table [1](#dom12837-tbl-0001){ref-type="table-wrap"}). The remaining endpoint, mean change in homeostatic model assessment of β‐cell function, was greater with alogliptin/metformin once daily than alogliptin alone and similar between alogliptin/metformin once daily and alogliptin/metformin twice daily (Table [1](#dom12837-tbl-0001){ref-type="table-wrap"}).

3.2. Safety {#dom12837-sec-0005}
-----------

The overall frequency of adverse events (AEs) was similar among all treatment groups, with incidences of 57.7% (41/71) with alogliptin alone, 50.7% (77/152) with alogliptin/metformin once daily, and 52.3% (79/151) with alogliptin/metformin twice daily (Table S3, Appendix S1). Across all treatment groups, nasopharyngitis was the most common AE and the only AE with an incidence ≥5% in all 3 groups (11.3%, 14.5% and 12.6% with alogliptin alone, alogliptin/metformin once daily and alogliptin/metformin twice daily, respectively). No patients developed serious hypoglycaemia or acute pancreatitis, both of which are AEs of special interest for this combination therapy.

4. DISCUSSION {#dom12837-sec-0006}
=============

This phase III, randomized trial showed that alogliptin/metformin once daily is superior to alogliptin alone and non‐inferior to alogliptin/metformin twice daily with regard to reducing HbA1c over a period of 24 weeks in Japanese patients with type 2 diabetes.

In the once‐daily alogliptin/metformin group there was a greater reduction in HbA1c and FPG levels, and a greater proportion of patients achieving HbA1c \<7.0% compared with alogliptin alone. Alogliptin/metfomin once daily also led to a similar reduction in HbA1c and proportion of patients achieving HbA1c \<7.0% at 24 weeks as with alogliptin/metformin twice daily

Although a reduction in FPG at week 24 with alogliptin/metformin twice daily was higher than that achieved with alogliptin/metformin once daily, the HbA1c results, which reflect glycaemic control during the previous 1 or 2 months as a whole, indicate that alogliptin/metformin once daily provides clinically meaningful efficacy in glycaemic control. Moreover, alogliptin and metformin can each increase GLP‐1 levels, and the combination of them has the potential for a synergistic or additive effect, resulting in increased GLP‐1 levels.[4](#dom12837-bib-0004){ref-type="ref"} Indeed, alogliptin/metformin once daily led to a −0.49% reduction in HbA1c in this study.

No serious hypoglycaemia or acute pancreatitis were reported in any treatment group and all treatments were generally well tolerated, with a similar overall frequency of AEs among the treatment groups.

Because alogliptin/metformin once daily led to a similar HbA1c reduction to alogliptin/metformin twice daily and was well tolerated in the present study, this once‐daily treatment regimen should be beneficial for patients with type 2 diabetes who usually take several medications including antidiabetic drugs multiple times a day. Decreasing medication frequency within a day has a remarkable impact on improving medication adherence in patients with type 2 diabetes.[5](#dom12837-bib-0005){ref-type="ref"} Indeed, patients with chronic disease, including type 2 diabetes, have a greater adherence to once‐daily treatment than to more frequent dosing schedules.[3](#dom12837-bib-0003){ref-type="ref"} Furthermore, improving medication adherence is also associated with better glycaemic control[6](#dom12837-bib-0006){ref-type="ref"}, [7](#dom12837-bib-0007){ref-type="ref"}; combination therapy with alogliptin 25 mg once daily and metformin 500 mg once daily, therefore, would be expected not only to improve medication adherence but also to provide better glycaemic control in patients currently treated with multiple doses of alogliptin and metformin within a day.

The main limitation of the present study is that patients aged \<20 or ≥75 years, or with evident liver or renal impairment were excluded and, therefore, the effectiveness of the combination therapy was not confirmed in these patients. In addition, this study was conducted in Japanese patients with type 2 diabetes within a treatment environment in Japan, therefore expansion of these findings to other populations needs careful consideration.

In conclusion, treatment with alogliptin/metformin once daily was superior in efficacy to alogliptin alone and non‐inferior to alogliptin/metformin twice daily. This once‐daily combination was safe and well tolerated in Japanese patients with type 2 diabetes who had inadequate glycaemic control with alogliptin 25 mg monotherapy.
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